Objective: neonatal mortality is the main cause of infant mortality in the city of Recife. The objective of the present study was to determine the major risk factors for neonatal death in Recife in 1995.
Introduction
Neonatal mortality is a major determinant of infant mortality in more developed regions; in Brazil, these regions include the large urban centers. In the city of Recife, state of Pernambuco, northeastern Brazil, the infant mortality rate is of 27.7 per 1,000 livebirths. The neonatal mortality factor, which is still high, corresponds to a rate of 18.0 per 1,000 livebirths. 1 Low weight at birth related or not to prematurity could be referred to as one of the main risk factors for neonatal deaths. 2 The risk for death for newborn infants with low weight at birth is 28-to 36-fold higher. [3] [4] [5] in comparison to that of newborn infants with birthweight greater than 2,500g.
Other factors have also been associated to greater risk for neonatal death, such as low vitality at birth (indicator of hypoxia), [6] [7] [8] maternal age younger than 15 years, 9, 10 and multiple gestations. 3, 4, 11 In the prevention of infant mortality, it is important to consider children who present greater risk for death and the most vulnerable period. 3 In putting healthcare policies into practice, the prevention of neonatal death should follow minimal guidelines based on greater or lesser importance of these factors, which is measured using strength of association. 12, 13 The objective of our study is to contribute to the identification of risk factors for neonatal mortality and to assess those associated with neonatal mortality in children born from mothers living in the city of Recife, in 1995.
Patients and methods
Our population was selected out of the livebirths (n=28,080) from the city of Recife in the year of 1995. For the referred year, the database of the Mortality Information System (Sistema de Informação em Mortalidade -SIM) had already been consolidated and validated by Guimarães 1 and by the standard procedures determined by the Brazilian Ministry of Health for that information system.
We carried out an analytical, case-control study with the population of livebirths. For calculation of the sample, we employed the Epi-info software version 6.04 using the following parameters: prevalence of exposure to risks for nondeath infants; prevalence of exposure to risks for death infants; and magnitude of difference of exposure to risks between the groups of the study carried out by Coutinho, 4 in relation to variables of low birthweight, prematurity, 5-minute Apgar score less than seven, and twin pregnancy. We considered a power of 80% for an odds-ratio greater than or equal to 5.7, significance level of 5%, and prevalence of exposure in controls between 1.6% and 13%. The calculated sample included 62 cases and 372 controls. We included all deaths (n=456) that fulfilled the selection criteria. We randomly selected controls at a 4:1 ratio (n=1,824) for each case in order to increase precision of the statistical analysis. The following criteria were observed for selection of cases: neonatal death of newborn infant with weight greater than 500 g occurred between January 1 and December 31, 1995 and born from mother in the city of Recife. The same criteria were used for selection of controls, who were notified using information in the statement of livebirth.
The independent variables selected for our study were sex; birthweight; gestational age; type of gestation and delivery; 5-minute Apgar score; age and schooling of the mother. The World Health Organization definitions for livebirth, late neonatal death, and low birthweight 14 were used. In turn, for the definitions of premature, term, and postterm deliveries and of moderate and severe asphyxia, we used the definitions by the Pan-American Health Organization. 2 The definitions for adequate birth and teenage mother were used according to Puffer and Serrano 15 and Colli, 16 respectively.
We collected secondary data from the death certificates and statement of livebirth using the files (paper and electronic) of the Department of Epidemiology and Health Surveillance (Diretoria de Epidemiologia e Vigilância a Saúde) of the city of Recife. The data were previously reviewed and validated by a technical staff lead by Guimarães 1 and included into the database of the mortality and livebirth information systems of the city of Recife.
Linkage was carried out according to the technique presented by Almeida. 12 In addition to the variables indicated by the author, we also included address of the mother, and city and name of the institution in which the death occurred. Statistical analyses were carried out using Epi-info software version 6.04c and SPSS/PC version 8.0. Differences in proportion were analyzed using the chi-square test with Yates' correction or the Mantel-Haenszel test. Risk was assessed according to odds ratio, adjusted or not to 95% CI and for P significant at 5%. Odds-ratio = 1 was considered as that of less risk for neonatal death for the reference category of each independent variable. Multivariate analysis of data was carried out with stepwise logistic regression. The risk factors assessed in our study were selected according to the adapted theoretical model of Almeida 2 and of Victora et al. 3 We also employed a scale of magnitudes for oddsratio values. 17 
Results
Out of the neonatal deaths, 84.9% (387/456) occurred during an early stage (first seven days) and mostly during the first 24 hours (46.6%; 212/456). Most babies that evolved to death during the early neonatal period presented birthweight between 500g and 1,499 g.
The estimated risk for death was greater for males (OR=1.4; 95%CI =1.1-1.7; chi-square with Yates' correction=8.91; P=0.003) but with a weak strength of association. Table 1 presents birthweight stratified according to gestational age. Children with low birthweight presented an odds-ratio for death approximately 46-fold higher than children with birthweight greater than 2,500 g (OR=46.96; 95%CI =33.73-59.00; chi-square with Yates' correction 1,206.51; P less than 0.001). Assessment of the odds-ratio of children who evolved to death and who had low birthweight indicated a decrease from 46 (with increased strength of association) to 14, (with less strength of association, but still increased) when controlled according to gestational age. Table 2 presents the strength of association of neonatal death with each independent variable using a bivariate model and after adjustment for other variables using a multivariate model. After the adjustment, associations between independent variables of birthweight less than 1,500 g, 5-minute Apgar less than seven, and the dependent variable of neonatal death still presented strong according to the scale used. In turn, the association between prematurity and neonatal death, previously classified as very strong, decreased to moderately strong in the multivariate model.
Discussion
The predominance of neonatal deaths in the early neonatal stage is in agreement with earlier studies. 1, 3, 4, 6, 18 Different factors may have contributed to the increase in prevalence of early neonatal deaths, including decrease in late neonatal death, in postneonatal infant mortality, and in factors that are easier to control such as diarrheal infections. 18, 19 The survival rate of very low birthweight infants has been increasing in developed countries 20 due to the technological advancements employed in healthcare services and to the careful monitoring of pregnant women and of delivery. In Brazil, the assessment of this matter must also consider the access to healthcare services and technologies. 4, 18 We observed a predominance of the male sex among babies that evolved to death; bivariate analysis indicated that male sex was a risk factor for neonatal death. These results are in agreement with those of others that reported greater risk for death among male newborn infants. 6, 19 However, there are studies that disagree with this finding. 3, 4, 9 This diversity of results is one of the difficulties that render it difficult to establish satisfactory answers and guidelines for the prevention of neonatal death related to sex.
The variable of birthweight adjusted for stratification according to gestational age was used to verify prematurity as a possible confounding factor. We showed that part of the risk for death related to low birthweight was related to prematurity, which is in agreement with studies in more developed areas. 20, 21 Despite that, the mortality rates for low birthweight infants remained high. It is possible that these high rates are related to other risk factors for neonatal death, such as lack of adequate healthcare services for the mother and the baby during the prenatal period, during delivery, and during puerperium; 18, 19 and as occurrence of maternal disease such as hypertension during pregnancy. 4 In agreement with the literature, we observed a decreasing gradient of risk in relation to the variable of birthweight. 1, 3, 6, 9 Multivariate analysis indicated stronger association between neonatal death and very low birthweight. It is important to note, however, that the increased odds-ratio and broad confidence interval for infants between 500 to 1,499 g may be a consequence of the reduced number of children in this category.
Our results indicate that after the adjustment for other variables there was a marked decrease in the odds-ratio of the association between neonatal death and prematurity; the strength of association, however, remained significant. 3, 9 We observed that prematurity is an important risk factor for neonatal death after adjustment for other risk factors, using distinct methods. There may be additional factors related to assistance of the newborn infant that we did not assess and that may have influenced the results. 20 Another variable strongly associated with neonatal death was 5-minute Apgar score, which reflected vitality of the newborn.
Risk for death
We excluded 1-minute Apgar score from the multivariate analysis based on the theoretically lower probability of this variable indicating risk for death in comparison to 5-minute Apgar score. 4 The risk for neonatal death, indicated by bivariate analyses of newborns who remained hypoxic on the fifth minute of life, remained high in the multivariate analysis. This finding needs to be further studied with inclusion of additional data on the quality of data generated and of maternal-fetal and neonatal healthcare assistance.
When using logistic regression, we observed a loss of statistical significance in the association between neonatal death and type of gestation and maternal age. The main cause for this loss of significance may be the adjustment for birthweight. 3, 21 Low birthweight and prematurity are potential confounding factors for twin pregnancies in relation to risk for neonatal death 9, 22 considering the increased percentage of premature newborn infants with these characteristics.
We also observed that c-section was not a protective factor against neonatal death after the adjustment for other variables, such as 5-minute Apgar score, gestational age, and birthweight. This finding is in agreement with Moraes Neto. 13 Moreover, it is also possible that other factors not included in the study may have influenced our results. The high percentages of c-sections indicate the need for further studies.
Neonatal death was not associated with schooling of the mother in the model of logistic regression. This result is similar to that of Almeida 3 and Moraes Neto. 13 This is the only variable in the statement of livebirth form that somewhat reflects the social status of the mother; however, this variable
